The main objective of this research is to analyze deforestation in State Sinaloa during the period 1990-2014. For this, "deforestationhot-spot areas" were identified, by crossing maps of 1993 and 2011 at a 1:250,000 scale with knowledge from environmental and forest experts from each region. Landsat images from 1990 and 2014 and Terra Amazon System were used to monitor the most critical hot spot area, applying Linear Spectral Mixture Analysis and Image Segmentation Ground Product. In order to generate the map deforestation year zero (1990), every segmented object of ground product was visually assigned to "Forest" and "No-Forest" categories. Therefore, gains and losses were interpreted for the map deforestation year one (2014). Those products were validated with the help of experts on the subject and applying a confusion matrix. Results obtained indicated that the highest forest loss was located in North-Central Sinaloa (hot spot area number two) by establishing the average annual rate of deforestation of 4741.90 ha/year with an average rate of 0.60%, being higher than the national average rate (0.37%). This result affects directlyon calculation of carbonfluxes at nationallevel.
Introduction
Nowadays, climate change is one of the phenomena that produce lots of environmental and weather problems at different scales, spatial and temporal (Arguelles, Benavides, & Junguera, 2006) , due to natural and anthropogenic causes (United Nations, 1992) . It can be stated that the Greenhouse Gases (GHG) are one of the factors that cause changes in the main elements of forming climate (Viola, Paiva, & Savi, 2010) , generated an increase of the content of Carbon Dioxide (CO 2 ) in the atmosphere and consequently indicates an increase in the average temperature at the Earth surface.
It has been estimated that 70% of climate change is caused by burning fossil fuels, changes of the land uses and deforestation (IPCC, 2007) . Being the last one, the result of direct conversion from forest land to non-forest by men (United Nations, 1992) generates up to 20% of GHG emissions in the world, in particular CO 2 (IPCC, 2007; Houghton, 2012; Kanninen, Brockhaus, Murdiyarso, & Nabuurs, 2010; Denman & Guy, 2007) . This process is especially produced by agriculture (Rudel, DeFries, Asner, & Laurance, 2009 ) and the growth of urban population (Pacheco, Aguado, & Mollicone, 2011) . One of the latest global assessments conducted by the Global Forest Resources Assessment (FRA) indicates a 76,000 km 2 /year loss of forests and a gain of 43,000 km 2 /year, equivalent to an annual net loss of 33,000 km 2 /year worldwide in the period -2015 (FRA, 2015 . For this reason, it is essential to make accurate estimates of deforestation and forest degradation in order to have information that allows to implement strategies to reduce CO 2 emissions. These estimates must be based on information that is available globally, as satellite images, which integrating with field data can determine the loss of forest cover and the estimation of CO 2 emissions (Ramankutty et al., 2006) .
Nowadays, there are two methods widely used to assess deforestation through techniques developed in the Remote Sensing field (GOFC-GOLD, 2013): analysis by sampling (FAO, 2010; Bartalev, Kissiyar, Achard, Bartalev, & Simonetti, 2014; Pacheco, 2014; Achard et al., 2006) and analysis of the entire area to assess (named wall-to-wall) (INPE, 2013; Hansen et al., 2013; FSI, 2013) . According to Hansen et al. (2013) and the FAO (2010), the highest rates of deforestation were reported in Mexico during the last decade, placed the country in the fifteenth and seventeenth position worldwide, with losses of forests 198,850 ha/year and 195.000 ha/year, respectively. In this regard, the 38% of deforestation focuses specifically on the northeast and northwest regions (Céspedes & Moreno, 2010; Pineda, 2010 (Corrales, 2013) .
Given this critical situation, with respect to deforestation of the study area and to have such different results from different researches as background, it is necessary to study more precisely using innovative remote sensing techniques that allow to obtain real values of deforestation in the state of Sinaloa. Deforestation is one of the factors that have the greatest impact on climate change, and at the same time produces various natural effects, environmental, social and economic.
Materials and Methods

Study Area
The state of Sinaloa is located in the northwest of the country, between North latitudes 27˚02' and 22˚29', and West longitudes 105˚24' and 109˚27' (Figure 1) . It is an area of 57,365 km 2 and represents 2.9% of the whole country. The Estate has a 37,000 km 2 of forest area of which 7440 km 2 correspond to temperate forests; 19,000 km 2 , high, medium and low jungles; 2120 km 2 of arid vegetation composed mainly of bushes and shrubs; and 1520 km 2 of hydrophilic and halophytic vegetation (INEGI, 2013) . About the implications, particularly the loss of forests and jungles is necessary to evaluate and quantify, due that deforestation causes indirectly drawback in main socio-economic activities, through environmental problems, such as high and low temperatures, droughts, floods, and other complications that directly impact main economic activities like agriculture, livestock, fisheries and tourism. Remote sensing and geographic information system tools (Spring, Terra Amazon, ENVI and ArcGIS) were used to process the cartographic data.
Materials
Cartographic Criteria
• Forest: According to the Mexican Committee for Projects to Reduce Greenhouse Emissions and Capture (COMEGEI) in the Framework Convention of the United Nations Climate Change (United Nations, 1992), Mexico considers forest to a minimum area of land in one hectare with a canopy cover exceeding 30% and minimum tree height of four meters at maturity. For this study, the jungles are considered forest.
• Deforestation: According to the Decision 11/CP.7 of the United Nations (1992) is the direct conversion, induced by man of forested land to non-forest land.
• Base line: To measure deforestation, 1990 is considered the map deforestation year zero; 2014 is year one.
• Legend: For 1990, the categories established were "forest", "non-forest"; 2014, also it was considered "deforestation" and "gains", that represent the loss and recovery of forest cover for the period evaluated.
• Coordinate system: UTM map projection, Datum WGS84.
• Low interpretation Unit (LIU): It was assumed 1.44 hectares.
Methodology 2.4.1. Identification and Delineation of Hot Spot Deforestation Areas in State Sinaloa
To generate the cartography of hot spot areas, the maps of Land Use and Vegetation of the years 1993 and 2011 were used; they were produced by the National Institute of Statistics and Geography (INEGI, 2013) . The legend of these maps was established as "forest" and "non-forest". To detect the hot spot in areas of deforestation was applied the difference in the maps, a change detection technique that allow us to obtain gains and losses of forest in the period considered, and using expert opinion to delineated this areas (Pacheco, 2014) . Based in the cartography mentioned above, the help of external experts and maps of the territorial administrative division were visually identified and delineated four hot spot areas of deforestation in the state of Sinaloa.
Development of Cartography the Year Zero (1990) and Year One (2014)
To elaborate the cartography of year zero (1990) and year one (2014) for the most critical hot spot area, the Monitoring System of Deforestation in the Amazon (Terra Amazon) was used, developed by the National Institute for Space Research (INPE) from Brazil (INPE-FUNCATE, 2011) .
In order to use this system, it was necessary to configure the system: create a Postgres SQL (Structured Query Language) database, the conceptual model, access control, phase control, project, control rules, the class definition, the definition of control rules and the definition of the area of interest (INPE-FUNCATE, 2011) . To interpret and edit the zero year, a composition with false color RGB 453 was created and a technique of Linear Spectral Mixture Model was applied (Shimabukuro & Smith, 1991) , which estimates the proportion of components in soil, vegetation and shade for each pixel from the spectral response of Landsat bands resulting images from the fragment soil, vegetation and shade (or water), using Equation (1):
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where r i is the response of the pixel in the b and i; a, b, and c are the proportions of vegetation, ground and shade (or water), respectively; vege i , suelo i y sombra i are the spectral responses of the components of vegetation, ground and shade (or water), respectively; and e i is the error in the band i. After the fragment soil image was segmented due it provides better contrast between bare soil and forest. To do this, the values of the PRODES Project were used (Bins, Fonseca, Erthal, & Li, 1993; Câmara, Valerian, & Soares, 2006) . The result of this segmentation was used for a visual interpretation process, which consists of assigning each object segmented to each category "forest" and "non-forest", using the composition with false color 453 RGB as background. Once is generated the cartography of year zero, we proceed to determine the deforestation in year one. Based on the vectors "forest" in year zero, we proceeded to visually interpret deforestation images from year one. The gain is performed based on the vector of "non-forest". This manner, the cartography of year one was obtained with the categories "forest", "non-forest", "deforestation" and "gains".
Validation of the Maps Year Zero (1990) and Year One (2014)
After the cartography of 1990 (year zero) and 2014 (year one) were generated the most critical hot spot area, were validated to give strength the products generated and assess the degree of validation. For this, was applied a stratified random sampling in each map of one hundred points for each category. This allowed us to estimate the error contained in the results more accurately and in the shortest possible time (Chuvieco, 2008) . The validation was conducted by two experts on the subject and external to the investigation (Congalton & Green, 2009) . With these samples ground-truth, accuracy of each map was quantified by calculating the confusion matrix, from which the errors of omission, commission, overall accuracy and statistical K were obtained (Congalton & 
Results
The change detection analysis made from the maps of 1993 and 2011 of the INEGI, indicated a loss of forest cover of 2277.17 km 2 , or 3.97% of the territory of Sinaloa. From these results, we identified and delineated visually four hot spot areas of deforestation that include partially or totally fourteen of the eighteen municipalities in the state (Figure 2) .
As can be seen form this Figure 2 , the hot spot area number two is the one with the greatest loss during the period of study ( Table 1) . For this reason, the methodology of INPE (2013) was applied in order to prove their viability in our region. The map results obtained by digital image processing for Year Zero (1990) and Year One (2014) are shown in Figure 3 . These maps were obtained with an overall accuracy between 85% and 88% ( Table 2) ; while commission and omission errors ranged from 12% and 15.46% (Table 3) . These values obtained are within the set limits (80% and 95%) by scientists to distinguish these classes and then evaluate their changes (GOFC-GOLD, 2013) . Meanwhile, the results of kappa for each map were 0.71 and 0.74 respectively. They are acceptable, since their values are in the range 0.61 to 0.80 (Landis & Koch, 1977) .
Once the maps were collected and validated, it was possible to determine that the hot spot area number two had a forest surface of 789,805.43 ha in 1990 and dropped to 675,999.88 ha in 2014. During that period, it was observed that there was a gain of forest in this hot spot area of 5505.08 ha (0.49%). However, the loss was considerably higher, with an area of 119,299.54 ha (10.72%), representing an average annual deforestation rate of 0.60%.
Discussion
Detecting changes by maps of Land Use and Vegetation at 250,000 scale, indicates a loss in the whole state Sinaloa of 2277.17 km 2 , and from it were identified and outlined four hot spot areas of deforestation, of which the hot spot area number two was presented greater loss of forest cover with a loss of 57.021 km 2 /year with an average annual rate of 0.71, this area includes the municipalities of Culiacan, Badiraguato, Mocorito and Salvador Alvarado. On the other hand, through the digital processing of Landsat images the hot spot area number two indicates a losing of forest coverage of 47.419 km 2 /year with an average annual rate of 0.60. Therefore, there is an overestimation of deforestation when maps at 1:250,000 scale is used as shown in Figure 4 and shown in Table 4 .
In this regard, in Mexico there have been several studies about deforestation (Mas et al. 2004; Stéphane-Couturier et al. 2012; Velázquez et al. 2008; Skutscha et al. 2013; Torres et al. 2008) , and particularly in Sinaloa (Corrales, 2013) , which used the maps of Land Use and Vegetation at 250,000 scale, thus they could overestimate or underestimate deforestation. For this reason it is feasible to perform this methodology to assessment deforestation at the local, regional and national level.
Conclusion
The assessment of forest cover showed high rates of deforestation that was constantly presented in the state of Sinaloa during the period 1990-2014. Annual average rates for our study area are higher than those presented at nationwide, which recaps the need to implement a monitoring system of forest cover at municipality level, state and national, aimed towards a future strategy to Reducing Emissions from Deforestation and Forest Degradation (REDD+).
It is also important to note the need in generating maps of land use and vegetation more accurate (scale 1:50,000) that allows to study this process with greater certainty and generate better estimates to raise local and regional strategies in the handling and optimal management of forest areas, such as reforestation programs and conservation. With this regard, it was noted that by using the maps of land use and vegetation at 1:250,000 from INEGI, forest area and the average annual deforestation rate was overestimated. By using the official maps for the hot spot area number two were obtained approximately more than 500 hectares when INPE (2013) methodology was implemented, and a rate of 0.71 to 0.60, respectively.
